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HIGH CALORIE ElJMENTAl, DIET IMPROVES OUTCOMES AND 

QUALITY OF LIFE FOR TUBE FED ADOLESCENTS 
AUmQR(S): 

J.M. McMui:dy, RD, CNSD^ Optima Health Home MMical Eoulpment. 
Manchester, NH t- . 

L£ARNm<? OUTG0^fE| 

To ideniify a toy Cictor inftirpila sdecUoa for adolescents. 



A|SmACTmT: 

Adolescence pr^^ unique ouiritional challeqges due to the physical and 
psychosoda<*i^e^\#iicai(le ThesechaUengacaiibeihagiifiedby 
theiieedforimiriHcwsuppoit Thbi^ 

adolescent home enteral ^itiettts rajuirtog an elemental diet resulted in 
improvements in both physical aod psychosocial parameters. 

Case 1: A Wyew^ femaie w^^ 
mamged at home % two years with 500 cc 

noctunjaUyi A disease ex^acerbation resulted in loss of 15% body wdght (12 
lbs) and the iieed for coBtinuous feediiigs, which pw^ 
school. TrapsWoniiig to a 14 caVcp fprniula retbiced feediiig time by >50% 
(to 1 1 hours) and allowed het to return to school Over 6 months time she 
cxperieoped a 32% weight gain (22 lbs)., 

Case 2: A 13 year old female with eystic fibrosis and failure to thrive 
(weight for age <5HUe) was started on 500 cc of a 1.0 cal/cc elemental diet 
hi preparation for double lui^ transplant. As her volume needs hicreased 
nJohlMy due to inadequate weight gain, it became nwre difficult to schedule 
fee^ time duel to after-schOol activities and tie firequent absence of an adult 
at hoine. Switching ticjlte 1.5 cal/cc Ibrmula enabled her to Increascher rate 
of weight gain by 70%, 6pm an average 4.5 g/day over 5 momhs to 7.7 g/day 
over 2 mbnUis. She tiius achieved the 25*%ile goal wdght needed for 
surgery, while maintahOng her level of sodal activity. 

The 1.5 cal/cc deihentai diet suppoded the extraonltaary demands of illness 
and adolescent growtii while affording botii patients greater independence and 
normalcy. The famiUar benefits of a caloricaUy dense enteral fonnula have 
been successfully demonstrated in adolescents requiring an demental diet. 
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fflGH CALORIE, PEPTIDE-BASED, LIQUID, ELEMENTAL, ENTERAL FORMULA 
IS WELL-TOLERATED BY PATIENT WITH QUADRUPLE ORGAN TRANSPLANT 



R, S. BCindle, Baylor University Medical Center Grapevine, TX, Bedford, TX; T. E. Ritter, 
Baylor University Medical Center Grapevine, TX, Grapevine, TX 



In Jan 1991, RK was 21 years old and 28 weeks pregnant when she sufiFered a malrotation of the 
small intestine. Within 12 hours of the infarction, she underwent emergency surgery to remove 
her gangrenous intestinal tract, leaving only her stomach, duodenum, and descending colon. She 
left the hospital on nocturnal TPN; her weight was 117 lbs. (IBW/UBW = 130 lbs.). For the next 
three years, RK remamed on TPN; her weight increased to 130 lbs. In 1995 her Uver enzymes 
and bilirubin began to rise, but she remained asymptomatic. In late 1999, she became extremely 
jaundiced was soon in liver failure. RK was evaluated for a Uver and smaU bowel transplant and 
while awaiting a donor, she developed severe HTN, internal bleeding/coagulation disorder, renal 
failure, pneumosistis pneumonia, and other complications. After months of hospitalization, she 
received a quadruple organ transplant: Small bowel, liver, kidney, and pancreas. Her remaining 
stomach and duodenum were removed and the donor small intestine was attached proximately to 
her esophagus and distally to her descending colon. RK was immediately started on an NG 
feeding with a powdered amino-acid-based elemental formula, which was poorly tolerated. The 
fomiula was changed to a high-calorie, peptide-based, liquid, low-osmolality elemental formula, 
which was immediately tolerated. RK went home on this peptide-based elemental formula 
providing 1875 kcal and 75 g protein/day. She also ate low-residue foods as tolerated. Within a 
year, RK's weight returned to 130 lbs and she decided to discontinue the NG feedings and rely 
only on oral intake. RK's weight feU to 103 lbs., diarrhea was continuous, and it was necessary 
to reinitiate TPN. Her oral intake continues as tolerated, but diarrhea and malabsorption persist. 
NG feedings are not an option due to nasal ulcers and scarring; NJ feedings are contraindicated. 
RK is considering returning to an oral version of the high-calorie, peptide-based, Uquid, low- 
osmolaUty elemental formula, as it was the only enteral nutrition that was absorbed and tolerated 
by her fragile GI tract. 
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Home Enteral Nutrition in Chronic Pancr atltis: 
A Case Report 

Julie Meyer, RD,CNSD 
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Abstract 

A growing body of research supports 
the use of jejunal enteral feedings for 
patients with chronic or mild pancre- 
atids. This case study demonstrates 
that administiadoa of a high-calorie, 
pepdde-based diet can improve clinical 
outcomes arid results in significant 
cost savings for a home-care patient 
with chrome pancreatitis when com- 
pared with parenteral nutrition (1). 



Introduction 

Chronic pancreatitis is characterized 
by irreversible damage to tiie pancreas, 
as evidenced by tissue calcification. 
The most common symptoms include 
recurrent abdominal pain, weight loss, 
and steatorrhea, which can often lead 
to progressive mahiutrition (2-5). 
V Excessive and prolonged alcohol con- 
/sumption accounts for 60% to 75% 
of cases of chronic pancreatitis, and 
in many cases, the disease continues to 
progress even after abstinence (2-5), 
Cigarette smoking has also been 
suggested as a contributing fector (3). 
Other etiologies include congenital 
predisposition, neoplasia, trauma, and 
metaboHc diseases such as hyperlipi- 
demia, cystic fibrosis, or hyperparathy- 
roidism (2,3,6). The gallstones and 
dyskinesia that can cause acute pancre- 
atitis are not associated with the chronic 
form of the disease. (2,3). Nutrition 
support is frequently required during 
severe exacerbations of chronic 
pancreatitis. 

Parenteral nutrition has been the 
traditional mode of nutrition support 
for patients with pancreatitis. Recent 
literature, however, suggests that enteral 
nutrition can be safe and cost-effective. 
Enteral feeding is the preferred route 
of nutrition support, depending on the 
severity of disease and patient toler- 
We (2,4,7), because there is less risk of 
-ohe metabolic abnormalities, intestinal 
atrophy, sepsis, and infection that have 



been associated with total parenteral 
nutrition (TPN). No significant 
increase in pancreatic excretion has 
been documented with jejimal infiision 
of nutrients. Therefore, jejunal admin- 
istration of nutrients should not aggra- 
vate pancreatic inflammation, allowing 
the pancreas to "rest" (2,4,6^12), 
Elemental formulas stimulate the 
pancreas and gastrointestinal tract less 
than standard intact protein formulas 
(2,8,9,11,12), and better absorption 
has been reported when using small 
peptide, semi-elemencal formulas 
compared with free amino add elemen- 
tal formulas (2), Hie enteral formula 
that was initially used in this case study 
has been studied by Freedman (10,1 1) 
for use in patients with chronic pan- 
creatitis and foimd to have a minimal 
effect on cholecystokinin (CCK) 
release. CCK, a hormone that is 
secreted into the blood via the small 
intestine, causes activation of pancreatic 
enzyme secretion diuiig digestion of 
protein and fets. Minimal CCK release 
is important to allow the pancreas to 
"rest" (2,10,11). 

The following case report illustrates 
the clinical, quaUty-of-Iife, and cost 
advantages of enteral nutrition com- 
pared with TPN in a home-care 
patient who had chronic pancreatitis. 

Case Presentation 

L.B,, a 62-year-old white male, was 
hospitalized with severe abdominal 
pain and cachexia due to chronic 
calcific, alcohol-related pancreatitis. 
A Hickman catheter was placed and 
TPN initiated during hospitalization 
to rest the pancreas, provide pain 
relief, and treat his mahiutrition. He 
was discharged to home after 2 days 
in the hospital on TPN of 1 50 mL/hr 
over 12 hours (1,790 mL of TPN plus 
lipids) and a clear liquid diet. Shortly 
after discharge, he was admitted to 
the home nutrition support service. 

His past medical history included: 
alcoholic pancreatitis (cessation of 



drinking 20 years ago), alcoholic liver 
disease, gallbladder disease, chronic 
obstructive pulmonary disease with 
asbestos-related exposm-e, smoking 
(I pack of cigarettes per day), irritable 
bowel disease, diveiticulosis, and 
chronic constipation. An earlier 14- 
month course of therapy included two 
endoscopic retrograde cholangiopan- 
creatographies, biliary tree stent place- 
ment, forced dilatation of the extrinsic 
compression on the common bile duct, 
and two pancreatic sphincterotomies 
on separate occasions. Because he 
continued to complain of abdominal 
pain, a cholecystectomy and choledo- 
choduodenostomy were performed. 
Finally, hthotripsy of the pancreas and 
flush-out of the major pancreatic duc- 
tal system via a nasal pancreatic tube 
with stone debridement were mider- 
taken. However, none of these proce- 
dures provided long-term pain relief, 
and the patient subsequendy received 
two separate celiac blocks. Hie goal 
of a celiac block is to block the pain 
response of afferent fibers that pass 
through the celiac plexus, which 
includes the pancreas and abdomen. 
A Whipple procedure (pancreatoduo- 
denectomy) was not an option because 
of the inabiUty to firee the pancreas 
from major vessels in the area. 

L.B. initially presented to the nutri- 
tion support service with malnutrition 
due to inadequate intake of food 
because of pain associated with eating 
and increased calorie needs due to 
catabolism. His anthropometric data 
and the details of nutrition therapy 
over the course of treatment are sum- 
marized in Table 1. He presented at 
79% of usual body weight. Blood 
chemistries were monitored weekly 
while he received home parenteral 
nutrition (HPN), then bimonthly or 
monthly while receiving home tube 
feedings. Most of the laboratory 
results (Table 2) remained relatively 
stable during the course of HPN, with 
(Continued on next page) 
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the exception of liver ftincrion tests, 
including serum glutamic-oxaloacetic 
transaminase (SGOT), serum glutamic- 
"YFuvic transaminase (SGPT), and 
Ykaline phosphatase. These values 
rose significandy during the fourth 
weekof HPN therapy, began to 
plateau at week 7, and returned to 
normal once HPN was discontinued. 
These values were monitored to avoid 
the hepatic complications that may 
occur with long-term HPN. When 
the tube feeding started at week 14 
of nutrition therapy, the SGOT and 
SGPT were in die normal range, but 
the alkaline phosphatase remained 
elevated at 308 U/L. It decreased 
to 1 30 U/L within 3 weeks of discon- 
tinuing the HPN. The decrease in 
hemoglobin, hematocrit, and iron 
concentrations over time most likely 
were due to chronic disease and low 
iron intake during HPN. 

The initial HPN formula provided 
30 kcal>% (1.2 rimes the Harris- 
Benedict equation) and 1.8 g/kg 
protein. (Indirect calorimetry was not 
available,) Additionally, L.B. continued 
to. drink clear liquids. Nevertheless, he 

^rienced severe abdominal pain 
wnen drinking clear liquids, so the diet 
was discontinued during die third 



week of HPN. Despite HPN, his 
weight decreased to 46,4 kg (78% of 
usual body weight) by the fourth week 
of therapy. Calories were increased to 
37 kcal>%, and protein was maintained 
at 1.8 g/kg because albumin levels 
were normal. During the seventh week 
of HPN, L.B/s weight had dropped 
to 45 kg (76% of usual body weight); 
energy support was increased to 
42 kcal/kg and protein to 2.0 g/kg. 
Protein was increased to increase calo- 
ries without additional carbohydrate 
because the patient was approaching 
the maximum oxidation rate of carbo- 
hydrate at 7 g/kg/day. Because L,B. 
no longer was reporting pain, another 
trial of a clear liquid diet was initiated 
atthesevendi weekof HPN. How- 
ever, he again experienced abdominal 
pain and was made NPO. 

Using pancreatic enzymes to decrease 
exocrine secretion &om the pancreas 
can often relieve die abdominal pain 
associated with chronic pancreatitis 
when oral intake is initiated. It is 
believed that high doses of exogenous 
pancreatic enzymes "rest" the pancreas 
by minimizing CCK release (3). 
Patient compliance with enzyme 
therapy is essential for optimal pain 
control. L.B, admitted later that he 



was often noncompliant with the pre- 
scribed enzyme therapy when he was 
eating because taking die prescribed 
amount of enzymes made him feel 
"bloated and ftdl." He often com- 
plained of flatulence, abdominal 
cramping, and an orange greasy 
substance in his bowel movements. 
The most severe episodes of pain were 
associated with cramping before a 
bowel movement and pain with eating 
while on HPN, This condition was 
further complicated by his history of 
irritable bowel syndrome and chronic 
constipation. 

Calories were increased again during 
the 1 Ith week of HPN to 44 kcal/kg 
(120% of Harris-Benedict equation x 
1.5) to promote weight gain because 
he continued to remain below goal 
W^g^t. Hypermecabolism, with energy 
n^eds^as high as 139% of basal energy 
expenditure, is most common with 
acute pancreatitis (61% of patients), but 
can also occur with chronic pancreatitis 
(33 % of patients) (14, 1 5). The greatest 
energy needs occur when pancreatitis 
is complicated by sepsis (14,15). 
Hebuteme and colleagues (14) foimd 
that more than 60% of nonseptic, 
undernourished patients who had 
alcohol-related dironic pancreatitis 



Table 1 . Selected Nutrition Support Data for L3. 



Wek 


1 


4 


7 


11 


14 


18 


50 


Height 


67 in 
(167.5 cm) 












■ -m. ■ 


Weight 


46.8 kg 


46.4 kg 


45 kg 


46 kg 


46.8 kg 


47.3 kg 


51.4 kg 


% Ideal Body Weight 


77% 


77% 


74% 


76% 


77% 


78% 


85% 


% Usual Body Weight 


79% 


78% 


76% 


76% 


79%. 


80% 


. 87% 


Protein Provided by 
Nutrition Support (g/kg) 


1.8 


1.8 


2.0 


2.0 


2.0 


1.9 


1.8 


Energy Provided by 
Nutrition Suppon (kcal/kg) 


30 


37 


42 


44 


43 


47 


44 


Nutrition Support Diet 


•TPN 
•CL 


•TPN 


•TPN 
•CL 


•TPN 
•CL 


•TF 

initiated 


•TF 

• Low-fat 


* Regular diet 
•TF 



• TPN diet discontinued 
continued • TPN 

• CL discontinued 



total parenteral nutrition, CL« dear liquids, TF= tube feeding 



"8- 



Support line December 2000 Volume 22 No. 6 



were hypermetaboiic. Nicorine has 
also been shown to increase metabolic 
me (14). 

During week 11, clear liquids were 
attempted again, with L.B. tolerating 
small amounts of juice, broth, sports 
drink, and gelatin, but experiencing 
episodes of both diarrhea and consti- 
pation with oral intake. Due to his 
continued weight loss, increased values 
on liver function tests, and maximal 
provision of calories and carbohydrate 
(7g/kg/d carbohydrate) in his HPN, 
the nutrition support service recom- 
mended a trial of jejunal tube feedings 
using a peptide-based formula. (The 
nutrition support service included a 
clim'cal medical advisor-physician, 
registered pharmacist, home infusion 
nurse, and certified nutrition support 
dietitian.) The change in feeding 
modality was discussed widi L.B., 
who agreed. During the 14th week 
of HPN, a nasojejunal (NJ) tube was 
placed and a peptide-based formula 
(1 .0 kcal/mL) initiated at 20 mL/hr for 
10 hours during the day and gradually 
increased to a goal rate of 150 mL/hr 
with HPN infusion at night. No pan- 
creatic enzymes were administered 
with tube feeding (unless he also was 
eating orally) because tube feeding in 
the jejunum would prompt rainiraal 
pancreatic secretion. HPN was tapered 



as the tube feeding increased to keep 
the nutrient intake consistent (approx- 
imately 2,000 kcal with 90 g protein 
per day). Because L.B. continued to 
work while receiving nutrition therapy, 
a portable pump was used for daytime 
tube feeding infusion. During the 
16th week of nutrition therapy, L.B, 
was gradually transitioned to a nutri- 
tionally equivalent 1.5 kcal/mL peptide- 
based formula infused at 150 mL/hr 
for 10 hours at night (2,250 kcal) to 
reduce the number of hours of tube 
feeding, and the HPN was discontin- 
ued. During the 17th week of therapy, 
L.B. was hospitalized with a Hickman 
catheter infection that necessitated 
catheter removal. His NJ tube had 
also migrated out of the jejunum and 
was repositioned wiih radiographic 
verification of placement 

During the transition to enteral 
feedings, L.B. e3q>erienced frequent 
abdominal discomfort (bloating, flatu- 
lence, and reflux), occasional heartbum,- 
and abdominal cramping. He was 
advised to decrease die rate of tube 
feeding from 150 mL/hr to 125 raL/hr, 
but was reluctant to do this because 
he wanted to avoid additional hours 
of infusion. Some of these symptoms 
were attributed to the NQ tube migrat- 
ing into the stomach. He continued 
to have weekly bouts of increased 



abdominal discomfort, gas, and an 
orange greasy substance in his bowel 
movements, which was attributed 
to fat malabsorption associated with 
pancreatitis. L.B.'s occasional non- 
compliance with taking the prescribed 
amount of pancreatic enzymes during 
oral intake probably also contributed 
to the steatorrhea. The tube feeding 
formula had a high percentage of 
medium-chain triglyceride oil as its fat 
source to promote better absorption. 
Following the development of a sinus 
infection from the NJ tube, a percuta- 
neous endoscopic jejunostoray feeding 
tube was placed during the 18th week 
of nutrition therapy. 

L.B. Is diet was slowly advanced, and 
by the 30th week of nutrition therapy, 
he was tolerating small bland meals. 
Pancreatic enzymes were prescribed 
with all meals and snacks. He had not 
taken pancreatic enzymes during the 
tube feeding. His weight remained 
stable at 47.7 to 49.5 kg for 6 months 
while receiving the tube feeding at the 
goal feeding rate. 

During week 48, L.B. developed a 
left spontaneous pneimiotfaorax, causing 
significant respiratory failure, and was 
hospitalized for drainage of the pneu- 
mothorax. He quit smoking at this 
time and reported reduced shortness 

(Continued an next page) 
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of breath and coug^ and improved 
appetite. On week SO of nutrition 
-V therapy (approximately 7 months after 
/start of the tube feeding), L.B.'s weight 
was up to 51.4 kg, he was tolerating a 
low-fat diet, and the tube feeding was 
discontinued. His weight continued to . 
increase over the next year, he returned 
to his usual body weight of 57.6 to 
58.5 kg, and he has not e]q)enenced any 
recurrence of pancreatitis for 2 years. 

Conclusion 

The benefits of enteral nutrition 
compared with parenteral nutrition in 
this patient with chronic pancreatitis 
were evidenced by improved ^Hniral 
outcomes, including normalization of 
liver function tests, energy level, and 
weight gain. Significant cost savings 
fi-om enteral therapy were calculated 
as $625 per week, $2,500 per month, 
and $30,000 per year. L.B. did not 
always comply with his low-fat, high- 
fiber diet or with his pancreatic 
enzyme therapy. However, we were 
fortunate to work with a patient who 
was willing to have an NJ tube initially 
Yor enteral feeding and continue the 
-Administration of jejunal feeding for 
the necessary length of time. 

Julie Meyer, RD, CNSD, is a clinical 
dietitian at HealthPartners, Bloomington, 
Minn. 

Juliets mentor was Janet Furman 
SimmonSj MS, RD, who is a nutrition 
support clinician at Rusb-Prabytenan- 
St. Luke's Medical Center, Chicago, III. 
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November I, 2000 

Dear Nutrition Support Dietitian: 

Many of you entrust your home nutrition support patient's needs to Coram 
Healthcare. We appreciate your trust and share your interest in dependable, 
high-quality service. 

For 20 years, Coram's history has been built upon quality care, clinical excel- 
lence, and customer service. We have contributed to the health and healing of 
millions across the counay; earning a reputation for superior care, and we are 
proud of it. 

We value the expertise of nutrition support dietitians at Coram Healthcare. 
Nutrition support dietitians are integrated within our organization — in clinical 
patient care, operations, and sales. Some of you may have heard or read that 
Coram Healthcare Corporation filed volimtary petitions for relief and a plan 
of reorganization under Chapter 1 1 of the U.S. Bankruptcy Code on August 8, 
2000. We want you to know why we did this and be assured that this will not 
afifect your patients in any way. 

Coram Healthcare was created from the merger of several home infusion 
companies and has been dealing with high levels of debt for years. The filing 
simply provides a legal firamework for the parent companies to restructure 
debt, which the lenders have agreed to forgive. This will allow Coram 
Healthcare to be financially strong and even better positioned to continue 
as the quality leader in comprehensive home nutrition services. 

It is important to note that this bos not and will not disrupt sillies, services^ 
or the quality of care provided by the professional staff at our branches. Please 
understand our Coram branches can and will continue to meet all financial and 
service obligations to patients, customers, employees and suppliers. 

Our commitment to our consumers and you the climcians, who work with 
these patients, continues. If jrau have any questions, please do not hesitate to 
call me at 1-800-CORAM HC. We value our relationship with you and look 
forward to providing friendly, caring, and quality sendee for years to come. 

Sincerely, 

Carol Ireton-Jones, PhD, RD. LD, CNSD 
Director of Nutrition Services 
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■ TITLE: 

ENTERAL NUTRITION IN CHRONIC PANCREAtm;S: COST 
SAVINGS WITH THE USE OF A 1.5 KCAL/ML PEPTIDE-EiASfil) bCET 
AUTHOR($); 

J. Meyer. RD, LD, CNSD; J.C. Smith, MP, FACP; Health Partners. 
Bloomlogtoa. MN. 

LEARNING OUTCOME: 

To recQgiUze a cost-«ffective idtenutive enteral therapy for use in 
paiicreatitis. 

ABSTRACT TEKT: 

Parenteral nutrition is routinely employed in patients with pancreatitis. A 
42 year old male with chronic pancreatitis, chronic obstructive pulmbnaiy 
disease, irritable bowel, and a history of alcohol abuse was maintained oa 
home total parenteral nutrition (TPN) for 14 weeks. Despite increashug 
energy intake from 30 to 44 kc^l/kg, he was unable to maintain weight, losing 
8Ibsover9wlcs(to68%ofIBW)on2042kcal/diiy. 

The dedsioh to trial a 1.0 kcal/roL whey<based peptide diet with 70% of the 
lipid as mediunKhain triglycerides was made. T^ jejunal feeding was 
advanced from 10 to 100 mUhbur over a period of two weekslis the IPN 
was decreased. The diet was then changed to the nutritionally equivalent IJ 
keil/mL forimila at 67 mL/hour and advanced to 150 miyhour over 10 houis 
(nocturnal feeding) to provide 2250 kcaj/day. The fbrmula cti&ge ^ 
increased energy intakes were well tolerated. Liver enzymes fetuhied to nor- 
mal within four weeks of enteral therapy. The patient's energy level improved 
and he gained weight Pain and nausea ooo^dd to prevent oral intake. 

Implementation of this enteral formula in place of TPN resulted in 
significant cost savings ($625 per wk. $2,500 per mo. or $30,000 per yr). 
Tiiere were clear quality of life benefits for the patient. He was able to receive 
his caloric requirements as a nocturnal feeding in a reasonable volume and 
time period, which allowed him to pursue normal activity during the day. 

A growing body of research evidence supports .the use of whey based 
peptides in patients with chronic or mild acute pancreatitis. Implementation 
of this high calorie pepdde-based elemental diet resulted in improved clinical 
cxitcomes, improved quality of life, and significant cost savings. 
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ORIGINAL COMMUNICATION 

Gastric emptying of two whey-based formulas of 
different energy density and Its dinical implication in 
children with volume intolerance 

V Khoshoo^ and S Brown* 



^West Jefferson Medical CentEr, New Orleans, Louisiarta, USA 

Objective: Whey-based formulas have faster gastric emptying than casein-based foimulas. Isocaloric, isovolumic, wh^-based 
formulas of different osmolarfty and fat content empty in a similar manner. Will the gastric emptying of high and low energy 
density whey-based formulas be similar? 

Design: We studied the gastric emptying rate of equal volumes of two whey-based formulas of different energy density 
(4.18k|/ml and 6.27k|/ml) and osmolallly (270 and 450mOsm/kg, respectively) in 10 children (4-5-12y) with volume 
Intolerance and resultant inability to gain weight 

Results: Th^il^fQhnulas had comparable gastric emptying rates at 30, 60, 90 and 120min. Over a one month clinical trial, 
substitution the tower energy density whey-based formula (no weight gain over 2 months) with an equal volume of the high 
energy density fomtula produced a nnean -weight gain of 1.17±0.5kg per patient without change In tolerance. 
Conclusion: The higher density whey-based farmuk can safely substitute an equal volume of a lower energy density formula to 
produce weight gain without affecting tolerance. 

Implication: This provides an important Intervention for Increasing energy intake in diildren.witb volume Intolerance or fluid 
restriction, S it): \*S^^ W?^- 

Etnvpean /ou/rral of Qinltaf Nutrition (2)02} 56, 000-Q80. DOI: 10.103d/^/etcr/1601373 . 
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Introduction 

Gastric emptying of liquids Is Influenced by several factoTS, 
paiticitlarly type and content of fat, volume and osmolality. 
The most important factor, which governs gastric emptying, 
is the energy content of the meal and it oveirides the energy 
composition of the meal (Hunt et al, 1985; Hunt & Stubbs, 
1975). Earlier, we have shown that the type of protein is also 
an important factor that afiects gastric emptying of liquid 
formulas (Fried et al, 1992). Dififeient types of isoenergetlc, 
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isovolumic whey-based formulas empty fester than similar 
casein-based formulas and are associated with fewer episodes 
of emesis and gastroesophageal reflux (Fried et al, 1992; 
Khoshoo et al, 1996; Billeawi et al, 199Q; Tolia et al, 1992). 
This effiect is seen irrespective of the osmolarity, fet composi- 
tion or nature of whey. The next logical step b to evaluate 
whether the presence of whey as the protein moiety will 
override the energy content of the meal in Influencing 
gastric emptying of a liquid ibmiula. We studied the gastric 
emptying rates of equal volumes of two similar whey-based 
formulas of different energy densities, ie 4.18 and 6.27IJ/mi, 
in children with volume intolerance and also assessed weight 
gain. 

Methods 

This study was conducted in a prospective manner after 
approval from the Institutional Review Board. The study 
population comprised of 10 children with spastic qiudrl- 
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plegla (4.5 - 12 y; six male, foui female) wbo were fied exdu- 
slvety through a gastrostomy tube using bolus feects. All 
children were referred to the Pediatric Gastroenterology 
and Nutrition Clinic more than 6 months prior to the 
study for poor weight gain secondary to volume intolerance 
as manifested by gagging, discomfort or emesis Jbllowli^g 
boliu feeds. To hasten gastric emptying and improve toler- 
ance the formula bad already t>een switched to a whey-based 
formula; however, the children were still unable to advarKe 
the volume to optimize energy intake for weight gain. For 
this reason all patients had failed to gain any weight during 
the previous 2 months. Ihey were all managed by the same 
physician, on an intent-to-treat Iwsls. After obtaining writ- 
ten consent and overnight fast a Tc99 sulfur colloid gastric 
emptying scan was performed with 150ml of either of the 
two formulas in random allocation as described before (Fried 
ct al, 1992). After at least 48h, to allow time for decay of 
radioactivity, a similar scan was repeated writh the other 
formula. All conditions were kept Identical during both 
scans including timing of the scans. Each scan 
was performed for 120 mln. The radiologist performing and 
interpreting the scans was unaware of the formula used. The 
formulas used were; Peptamen (4,18 kj/wl, 270mOsmoVkg) 
and Peptamen 1.5 (6.27«/ml, 450mOsmol/kg). These for- 
mulas were selected because despite difiterent energy densi- 
ties they have a similar energy compositfon ' and both 
formulas are commerdaliy available (Nestle Cliiiical Nutri- 
tion Inc., Deerfield, IL, Usiy, hence have Inmiediate patient 
care relevance. The composition of these formulas Is pro- 
vided In T^le 1. Followii^ the second scan the formula was 
switched to Peptamen 1.5 tnit delivered in the exact same 
manner as Peptamen, le same volume, duration of infiudon 
ieedhsg schedule. The parents were asked to maintain a 
diary of symptoms suggesting Intolerance, le gagging, dis- 
comfort, em^ and diarrhea. A 1 month trial of this higher 
energy formula was given during which time nude ixxly 
welghb were monitored on a weekly l>asls. Following this 
period the nutrltfonal intervention was reassessed and 
appropriate chaises were made with a view to opdmizing 
nutritional status. Data on individual patients and groups 
was compared using a paired t-test and two-way ANOVA for 
repeated measures. 



Table 1 Energy composition of tho two wh«y-based fomiulaj per 
lOOOmJ 







Peptamen 1.5 


Energy 
Protein (Q) 
CartK>hydrate (g) 
F^t(g) 


418 
40(16) 
127 (51)* 
39 (J3) 


627 
60 06) 
191 {S^t 
5S.5 (33) 



Rguns tn parentheses denote percentage contribution to total energy. The fat 
blend In both fwrnula* comprises medium and long chain triglyoertdei In the 
ratio of 70:30, respectfvriy 

"MaJtodextrlns 88%; com staich 12%. ^ttodextiUu 91%; com starch 9%. 



Results 

All patients were clinically stable with normal hydration 
status (urine spedHc gravity < 1.025), normal thyroid func- 
tions (thyroxine, thyroid stimulating hormone), serum albu- 
min and electrolytes (Na, K, a, Mg, Ca and COJ. Each 
patient served as his/her own control. The gastric emptying 
of the two formulas, at all phases of the 120 mln study period 
was shnilar in all patienU individually (P >0.05). The 
mean±s.d. percentage residual gastric activity of the two 
formulas at 30, 60, 90 and 120inin was similar (P >0.05) and 
is given in TMq 2- Eight of these 10 patients were enrolled 
for the dlnlcal trial with Peptamen 1.5. TWo patients were 
excluded because they were considered unreliable. Patients 
were considered uruellable if they had a history of having 
missed more than two clinic appointments over the past 1 y 
without sufficient reason. This was important to predeter- 
mine because we felt that the semi-objective data on toler- 
ance recorded by the parents over the course of the 1 month 
trial with Peptamen 1.5 needed to be recorded consden- 
tiousty and in an extremely reliable manner. Ihe mean 
wei^t gain over the 1 month trial period with equal 
volume of Peptamen 1.5 (1.17i:0.5kg3 was significantly 
greater than {JP <0.0S) the no weight gain observed over 
the previous 2 months while consuming Peptamen. The 
paroits reported no change in general symptoms, symptoms 
of tolerance or stooling pattern during the trial with 
Pq)tamen 1.5 as compared to while the dilldren were con- 
suming an equal volume and identical feeding schedule with 
Pqjtamen. 



Discussion 

Gastric emptying of liquid formulas is affected by several 
factors, increased osmolarity and a higher Eat content delay 
gastric emptying. The energy content of a meal, irrespective 
of its composition, has been shown to be the most important 
fector that affects the gastric emptying of a meal (Hunt et al, 
1985; Hunt & Stubbs, 1975). We have shown that the nature 
of protein is another factor that hifiuences the gastdc emp- 
tying of a liquid meal, irrespective of osmolarity and energy 
con^}osition, ie wh^-based forrrudas empty the stomach 
faster than equal volumes of Isoenergetic casein-based for- 
mulas (Fried et al, 1992). However, equal vohimes and energy 
content of different whey-based formulas empty the sto- 
mach in a comparable manner despite diffmnces in th^ 
composition, ie a hyperosmolar, intact whey-based formulae- 



Table 2 Mean (s.d.) percentage resfduat gastric acthrity at different time 
fntefvals with 150 ml of the two fonnulas 





30mfri 


60 win 


90 mi/1 


^20min 


Peptwnen 
Peptamen ^S 


74 01) 

77 01.5) 


57(9.4) 
60 02.4) 


43 03) 
47 06.3) 


27 J 06.3) 
31,4 09.9) 



P>0.05 for all comparbons between the tvm fomiulaj at different time 
intervals. 
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a hyperosmolar, wbey hydrolysate^ased fbnnula and an bo- 
osmolai, yfhey hydiolyiate-based fonnula vrtth fat content 
predominant^ aj medium chain triglycerides (Fried et al, 
1992), Thl5 dearly Implies that the natiue oi protein, le 
whey, overrides the osmolarity and fat content of a foraiula 
in affecting its gastric emptying. Therefore whey as well as 
the energy content of the meal emerge as the two most 
important detenninants of gastric emptying. Data bom the 
present study suggests that the presence of whey as the 
protein moiety In a liquid formula will override the effects 
of the energy content of the meal since equal volumes of two 
similar whey-based formulas of very different energy densi- 
ties were shown to empty at similar rates despite a major 
difference In osmolarity and total fet, carbohydrate and 
protein content. These findings were conroboraled during a 
one-month trial of Peptamen 1.5, the whey^based formula 
with higher energy density. In accordance with the results of 
the gastric emptying scans, and as eiqpected, tliere was no 
change in tolerance after the formula was changed from 
Peptamen to an equal volume of Peptamen 1 .5 and produced 
the desired outcome of a significant weight gain. 

in conduslon, our present study shows that higher denr 
sity whey-based formulas could be cffccliveiy delivered to 
produce weight gain without change In tolerance in children 
receiving lower density vrtjey-based formula and who have 
reached their maximum tolemted volume and fail to gain 
further weight We already know that whey-based formulas 
empty faster than casein-based formulas. It is then logical to 
state that a higher density whey-based formula can safely 



substitute equal v lume of lower energy density wbey or 
casein-based formula. This provides the basis of an effective 
intervention to increase energy intalce In patients with 
volume intolerance or fluid restriction without compromis- 
ing tolerance. 
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